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context of these analyses, gain a preliminary estimate of the higher level phylogeny of Anolis.
Previous workers have suggested that the Hispaniolan twig dwarfs are not monophyletic. In their allozyme studies, Hedges and Thomas (1989) and Burnell and Hedges (1990) postulated a sister species relationship of A. sheplani and A. placidus in their sheplani series, but grouped A. insolitus with other twig species A. fowleri in their christophei series. In his taxonomic summary based on osteological, karyotypic, and external data, Williams (1976a) placed A. darlingtoni with A. insolitus in his darlingtoni series, and grouped A. sheplani with A. occultus in his occultus series. However Williams (1976a) did not perform phylogenetic analyses, so the monophyly of these series and of his higher level groupings has not been established. Savage and Guyer (1989; based on Guyer and Savage, 1986) placed the Hispaniolan dwarf twig species in their genus Anolis (sensu stricto), recognizing the darlingtoni and occultus series of Williams (1976a,b) within this. This generic assignment apparently was based on their inclusion of Williams' (1976a) darlingtoni series as a terminal taxon (which was miscoded for two characters; personal observation). The Guyer and Savage (1986, 1992) taxonomy is not followed here for the reasons outlined in Cannatella and de Queiroz (1989) and Williams (1989) .
The monophyly and relationships of the Hispaniolan twig dwarfs would be best evaluated with a phylogenetic analysis of all species of Anolis. However, because of the unwieldy size of the genus Anolis (-400 species), it is not feasible to analyze simultaneously all species of Anolis. Because of the uncertainty regarding higherlevel relationships of Anolis species and the relationships of the Hispaniolan dwarf twig species, it is not possible to be certain that a more limited ingroup is monophyletic. To address these difficulties, given constraints of time and material, the relationships of the Hispaniolan dwarf twig Anolis were assessed with the following methods.
First, parsimony analyses were conducted including all suggested close relatives of the Hispaniolan dwarf twig species as well as representatives of all series (= small informal grouping of species) recognized by Etheridge (1959), Williams (1976a,b), and Burnell and Hedges (1990) except Williams' laevis series. Species were selected from these series to correspond with published analyses in order to maximize the amount of data used (e.g., I tried to use species scored for DNA data by Hass et al., 1993) . This is the first study since Etheridge (1959) to incorporate representatives from each series. Methodologically compatible data from diverse sources (DNA sequences, allozymes, chromosomes, osteology, scales) were combined with skull characters collected for this paper in parsimony analyses [Kluge's (1989) "total evidence"]. Because of continuous and intraspecific variation, alternative characterizations were equally justifiable for most skull characters. Therefore, alternative codings of the skull data were undertaken and the resulting effects on hypothesized relationships were examined (Gift and Stevens, 1997). These alternative codings served to assess the robustness of recovered relationships; clades that are insensitive to alteration of coding assumptions are considered to be more strongly supported. Bootstrap parsimony analyses and the test of Templeton (1983) also were used to assess Hispaniolan twig dwarf monophyly.
In addition, diagnostic synapomorphies discovered in these analyses were surveyed more widely in Anolis to assess the likelihood that recovered clades will withstand addition of more taxa and characters. This approach has disadvantages relative to including all species of Anolis in phylogenetic analyses, for example the possibility that inclusion of more species will affect hypothesized relationships (e.g., Gauthier et al., 1988) . However this approach is adopted as an informative compromise to the time-intensive option of including all 350 species of Anolis and the less conclusive option of doing just the parsimony analyses with only the species studied here. with the same criteria as other characters (i.e., congruence). Furthermore, the use of continuous and polymorphic characters is not actually novel, as many purportedly discrete characters used in cladistic analyses are in fact continuously valued characters rendered discrete by creative description (reification: Stevens, 1991), and many authors probably use intraspecifically varying characters without acknowledging them as such (Wiens, 1995) .
In the following discussion, Jardine's (1969) terminology is adopted, whereby an "attribute state" as a condition of an individual organism (postfrontal absent, parietal Y-shaped) and a "character state" is a characterization of a taxon (here, essentially a condition of a species that corresponds to a cladistic matrix state: e.g., 50% of individuals with a postfrontal). Cladistic character states were based on first identifying one or more boundaries (i.e., presence/absence of a bone) delimiting attribute states. These attribute states served as character state codings for intraspecifically invariant characters. For intraspecifically variable characters, character states were applied to taxa according to three methods: frequency (Wiens, 1995), unscaled, and any-instance (Campbell and Frost, 1993) .
Because gaps between attribute states generally were not evident, the frequency, unscaled, and any-instance methods were used here to erect alternative boundaries along more or less continuous variation. Because the variation is continuous, the frequencies of the traits for each species generally correlates with the morphological or attribute states for those species. For example, in species with a percentage of individuals lacking a postfrontal bone, that bone is invariably tiny. Conversely, in species in which all specimens have a postfrontal, that bone is generally larger. No attempt was made to code these differences in size because erecting a dividing line between "large" and "small" bones is difficult, especially so when comparing species of the disparate sizes seen in this analysis (see, e.g., character 10). However it is easy to tell when a bone is present or absent, so the presence/absence boundary HERPETOLOGICAL MONOGRAPHS [No. 12 194 is used even though there may be no more evolutionary significance to this boundary then any of the potential large/small boundaries. Using this attribute state boundary, then, alternative cladistic character codings (frequency, any-instance, unscaled) were tried in an attempt to offer alternative characterizations of the observed morphologies.
The frequency bins method approximates "smooth" scaling by assigning different states (32 states in PAUP; 0-9-a-v) to polymorphic species based on the frequency of an attribute state within a species with character states ordered and all characters scaled to equal weight for changes from fixation for one attribute state to fixation for another attribute state (Wiens, 1995) . Wiens and Servedio (1997) found that frequency methods performed best in evaluation of different coding methods for discrete, intraspecifically variable characters.
The unscaled approach (Campbell and Frost, 1993) assigns an intermediate character state to intraspecifically varying species [e.g., A -> (A or B) -> B becomes 0
-* 1 --2, where A and B are attribute states and 0-2 are character states] and does not scale characters to equal weight; that is, e.g., for binary characters, changes between extremes of variation occur at a cost of one step when there is no intraspecific variation and at two steps when intraspecific variation occurs. A threshold of one specimen is used. This method was recommended by Campbell and Frost (1993) .
The any-instance approach (Campbell and Frost, 1993) combines all apomorphic conditions, such that both intraspecifically variable species and invariantly apomorphic species are assigned the same derived state. Characters that could not be polarized a priori were excluded from an initial analysis and then coded according to the distribution of states in that analysis (Campbell and Frost, 1993); that is, if an unambiguous state could be determined at the ingroup/outgroup node, that state was considered plesiomorphic and other states were combined. Characters that could not be polarized (for which primitive states could not be determined) or for which an intermediate state was found to be plesiomorphic were coded according to the unscaled method. The any-instance approach is extended here to ordered multistate characters that change continuously [e.g., A --> B -> C is coded as 0 (A) --1 (B, C)]. See Wiens (1995) and Campbell and Frost (1993) for description and discussion of the frequency, any-instance, and unsealed coding methods for discrete variation. These methods were applied only to the skull data (characters 86-116) which were collected for this paper and partially to the postcranial osteological and external data, as discussed below. The different coding methods could not be applied to most characters from the literature because information on intraspecific variation was not available.
I am using three different coding methods to assess the sensitivity of phylogeny estimates to changes in coding assumptions, and I am not certain which of these is the best way of the three, theoretically, to code variation. That stated, I prefer the frequency method for the following reasons. First, it is less sensitive to sampling error than the other methods (Swofford and Berlocher, 1993). Second, it retains the most phylogenetic information (Wiens, 1995). Third, the frequency method offers a convenient and objective way to recognize intermediate morphologies as separate character states. In the case of continuous variation (virtually all skull characters in this analysis), "variable" species tend to have states that are morphologically intermediate between "fixed" species. The frequency method recognizes these differences and weights changes based on the degree of difference in frequency (and thus morphology). The other methods erect essentially arbitrary character state boundaries along a continuum of states. This approach may be reasonable when there is some evolutionary significance to the boundary. For example, it is probably more difficult evolutionarily to gain a particular allele (change from 0% to any percent) than it is to increase frequency of that allele from, say, 20-21%. But in con- Data matrices of 116 characters were analyzed using PAUP version 3.1 (Swofford, 1993) under the conditions of the three analyses. Character evolution was examined across most parsimonious trees (mpts) from the frequency analysis using PAUP. Clade support was assessed with the differing character change assumptions, the test of Templeton (1983), and the bootstrap (Felsenstein, 1985) , with special reference to the Hispaniolan twig dwarf species. Although significance values for the accuracy of the bootstrap depend on the evolutionary processes at work (Hillis and Bull, 1993), this measure still is used to assess relative clade support, under the assumption that clades with higher bootstrap values are more likely to withstand addition of more taxa and characters in future analyses.
After these initial parsimony analyses, synapomorphies found to diagnose dwarf twig anole relationships were examined in 143 species of Anolis. This survey was undertaken to assess whether other species are likely to occur in the clades found in this study when more species are analyzed. If the synapomorphies found to delimit Hispaniolan dwarf twig species clades in the parsimony analyses of this paper are common in species of Anolis not included here, then other species of Anolis are likely to occur in clades recovered in this analysis when more species are analyzed. In that case, little could be said about relationships within these clades. For example, if other species are found to share the synapomorphies that delimit a (A. insolitus, A. placidus, and A. sheplani) clade in the parsimony analyses of this paper, then a conclusion of this paper would be that the Hispaniolan dwarf twig species may not be monophyletic. Conversely, if these synapomorphies are nonexistent in species not analyzed here, the monophyly of the Hispaniolan dwarf twig clade is likely to withstand the addition of more species.
Characters
The following character descriptions describe the attribute states recognized in individual organisms. Cladistic character states, listed in appendices II (frequency), III (unscaled), and IV (any-instance), are based on these descriptions. Thus, for intraspecifically variable characters, numbered states in the character descriptions do not necessarily correspond to the matrix entries but rather to conditions on individual organisms from which the matrix codings are based. But for reference, the attribute state assigned "0" in the character description is always coded as "0" in the cladistic matrix (the alternative state could be "1", "v", or some other letter or number depending on the states and the particular analysis; see below). Individuals with bilateral variation were scored as having half of each state. Figures for these characters (Figs. 1-14 The level of variation in these characters for these species has not been published. Therefore, with a few exceptions (discussed below), the postcranial skeletal characters are entered as intraspecifically invariant in all analyses.
Character number from Guyer and Savage (1992) is given parenthetically. Outgroup states were obtained from Ethe- In the frequency analysis, the character is scaled such that change between two and six attached ribs is worth one step, and cladistic coding is: 2 (0) <-4 3 (7) <-X 4 (f) <-> 5 (n) <-> 6 (v). Any cases of intraspecific variation are coded as separate, perfectly intermediate states (e.g., a species showing variation between 3 and 4 attached ribs is coded as b, which is exactly between 7 and f).
In the any-instance and unscaled analyses, all changes (including those from "fixation" to variable) count as one step: shaped parietal is coded as g, which is 67% of the "distance" between a and k).
In the unscaled analysis, all changes (including those from "fixation" to variable) count as one step: trapezoid ( 88. Parietal crenulation absent (0) <-> present (1) (Fig. 1) . Anolis insolitus, A. sheplani, and A. placidus display horizontally aligned crenulations on the lateral crests of the parietal which extend from the parietal roof (Fig. lh,i) . In other Anolis in this study the parietal borders are smooth ( Fig. la-g ). Some Anolis equestris and Phenacosaurus heterodermus have rugose parietal edges. These do not appear to be homologous to the twig dwarf anole condition; in A. equestris and Phenacosaurus, the rugosity appears to spread over from the dorsal surface of the skull, whereas in the dwarf twig anoles the actual edges of the parietal appear to be scalloped.
89. Parietal roof flat (0) X-> convex (1) (Fig. 2) . In A. insolitus, A. sheplani, and A. placidus the parietal roof is domelike (Fig. 2b) . This condition is not attributable to small size; other small Anolis (e.g., adult A. occultus, juvenile A. bonairensis) do not have this condition (personal observation).
90. Pineal foramen at parietal/frontal suture (0) <-> in parietal (1) (Fig. 1). (Etheridge, 1959). Guyer and Savage (1986) coded this character as three states (parietal/frontal <-> anterior edge of parietalparietal), whereas Williams (1989) coded two. Pineal foramen location varies intraspecifically and continuously in Anolis (personal observation), so choice of character state boundary is arbitrary. In state 1, the foramen is oval and predominately in the parietal (Fig. li) ; the anterior border of the foramen is completely formed by the parietal or the anterior borders converge. State 0 describes states in which the foramen is circular or U-shaped and at the parietal/frontal suture; the frontal forms the entire anterior border of the foramen (Fig. la-h) .
91. Supratemporal processes leave supraoccipital exposed above (0) <-> extend over supraoccipital (1) (Fig. 1) . Variable. (Etheridge, 1959). In the plesiomorphic state, a supratemporal process extends posterolaterally from each posterior corner of the parietal roof such that together they create a 120 degree angle (as viewed from above) and the supraoccipital is completely exposed above (Etheridge, 1959). In apomorphic states, the anterior ends of the supratemporal processes join and arch posteriorly over the supraoccipital. Etheridge (1959) called this derived state the "half-funnel", a term which describes the hollow and rounded structure seen in extremely posteriorly extended supratemporal processes. This character varies continuously: Anolis cuvieri has an advanced half-funnel and A. griseus displays no posterior extension at all, but intermediate stages exist in the small sample of Anolis taxa examined in this study alone. Erection of an attribute state boundary therefore requires strict criteria. In this study, state 0 includes all specimens in which the entire dorsal surface of the supraoccipital ridges is visible in a dorsal view (Fig. la) is judged by inspection of the lateral view of the skull at the anterior edge of the orbit. The intraspecifically variable condition was found to be the plesiomorphic state; thus this character was coded identically in the unscaled and any-instance analyses.
99. Epipterygoid contacts parietal (0) <-> does not contact parietal (1). Variable. The parietals found in the outgroups do not extend as far ventrally as those in Anolis, so the above character may not be comparable between these two groups as presently coded. 100. Dorsum sella concave, facing anteriorly (0) <-> flat, facing dorsally (1) (Fig.  6) . Variable. The dorsum sella, or anterior face of the basisphenoid, usually displays an anteriorly directed crista sellaris which gives the structure a cylindrically concave and vertical appearance (Fig. 6b) . In state 1, the crista sellaris is low and faint, and the entire dorsum sella is aligned more horizontally than vertically (Fig. 6a) .
101. Pterygoid teeth present ( Fig. 7) . In most Anolis, the vomer extends laterally into the fenestra exochoanalis and sutures diagonally near its posterior border (state 0; Fig. 7b) . In state 1, the vomer and palatine are of equal width and meet in a straight transverse suture near the middle of the fenestra exochoanalis (Fig. 7a) . State 2 is similar to state 1 but with lateral extensions of the vomer imparting an arrow shape to the palate. Damage prevented scoring this character for many Anolis.
103. Maxilla extends posteriorly to ectopterygoid (0) <-X beyond ectopterygoid (1). (Fig. 8) (Fig. 8b) . Amount of posterior extension varies continuously between species; for convenience, the posterior end of the lateral head of the ectopterygoid is chosen as the attribute state boundary.
104. Basipterygoid crest absent (0) < present (1). In all A. sagrei and A. cristatellus, a crest extends between the basipterygoid processes of the basisphenoid anterior to the dorsum sella. This character shows discrete, intraspecifically invariant variation.
105. Supraoccipital cresting continuous across supraoccipital (0) <-> lateral processes distinct from supraoccipital crest (1) (Fig. 9) . Variable. State 1 describes two distinct lateral processes extending upward from the supraoccipital (Fig. 9b) . In state 0 these processes are joined in a crest across the supraoccipital (Fig. 9a) . Any cresting between the processes was coded as state 0. Considerable variation occurs within each state, i.e., in height of crest in state 0 and width of lateral processes in state 1. Within-state variation could not be objectively coded.
106. Quadrate lateral shelf absent (0) -present (1) (Fig. 10) ing laterally from the posteriorly directed lateral crest of the quadrate (Fig. lOa) .
107. Posteroventral process of the squamosal extends ventrally into auditory cup of quadrate (0) 109. Posteriormost tooth is at least partially posterior to anterior mylohyoid foramen (0) <-* posteriormost tooth is at least partially anterior to anterior mylohyoid foramen (1) <-> posteriormost tooth is completely anterior to anterior mylohyoid foramen (2). Variable.
In the frequency analysis, states 0, 1, and 2 above correspond to states 0, f, and v, with intraspecific variation coded according to the percentage of individuals with a given state (as in the parietal character).
In the unscaled analysis, the character is coded as follows, with each change at a cost of one step: Posteriormost tooth is at least partially posterior to anterior mylohyoid foramen (0) <-> part posterior or part anterior (1) <-> part anterior (2) <-> part anterior or completely anterior (3) <-> completely anterior (4).
In the any instance analysis, apomorphic conditions are collapsed: Posteriormost tooth is at least partially posterior to anterior mylohyoid foramen (0) <-> posteriormost tooth is variably partially posterior or partially anterior or completely anterior to anterior mylohyoid foramen (v).
110. Angular process of articular present, large (0) <-> reduced or absent (1) (Fig. 11) . Variable. (Williams, 1989) . Continuous variation appears minimal in state 0 among these species, but some variation occurs within state 1. For example, A. occultus has no angular process at all, whereas A. solitarius has a small bump where the angular process is seen in other species (Fig. lib) . In spite of these difficulties, the character is retained because, for this sam- 111. Posterior suture of dentary pronged (0) X<-blunt (1) (Fig. 12) . Variable. In labial view, the posterior border of the dentary may form a blunt, undifferentiated suture with the surangular (state 0; Fig. 12a) . Alternately, two distinct processes of the dentary may be evident posteriorly (state 1; Fig. 13b,c) . Variation in the relative lengths of the processes is common, however coding these differences as separate states created unmanageable levels of variation (e.g., 4 states occurring in a single species).
112. Anteriormost aspect of posterior border of dentary is anterior to mandibular fossa (0) <-> within mandibular fossa (1). Variable. Posterior extent of the dentary varies in Anolis. For convenience, the mandibular fossa is used as the attribute state boundary.
113. Splenial present (0) <-X absent (1). (Fig. 14) Figs. 14b, llc) . This character could not be polarized in the preliminary any instance analysis. Thus it is coded identically in the any instance and unscaled analyses.
115. Surangular foramen completely in surangular (0) <-> bordered laterally by dentary (1) (Fig. 13) . Variable. The surangular foramen may be located exclusively in the surangular (state 0; Fig. 13b ), or it may be bordered on one side by the dentary (state 1; Fig. 13a) 
RESULTS

Parsimony Analyses
The any-instance analysis resulted in six most parsimonious ingroup trees (Fig. 15) (five outgroup topologies were found, for a total of 30 optimal trees). The unscaled analysis produced a single most parsimonious ingroup tree of length 699.9, CI = 0.32, and RI = 0.50 (Fig. 16) The Templeton test did not find the Hispaniolan twig dwarf species to be significantly monophyletic (n = 6; P = 0.17).
The following discussion concerns character evolution on the frequency analysis, unless otherwise noted. The sister species to the Hispaniolan twig dwarfs was Puerto Rican dwarf twig species A. occultus (also in unscaled analysis), supported by the unambiguous synapomorphies of smooth supradigitals (3), small size (10), narrow skull (86), lack of prefrontal nasal contact (93), maxilla extends to ectopterygoid (103), short mandibular toothline (109), short dentary (112), loss of splenial (113). All of these characters are homoplastic. In the frequency analysis (and in the unscaled analysis), the closest relatives of these twig dwarfs were hypothesized to be twig species from Hispaniola (A. darlingtoni) and northern South America (A. solitarius; although no detailed ecological studies have involved A. solitarius, evidence suggests that this species fits the twig ecomorph; Williams, 1992), and Phenacosaurus heterodermus, the ecology of which has not been studied. This clade was diagnosed by eleven unambiguous synapomorphies, including reduced numbers of loreals (8) 
Survey of Anolis
In order to assess whether other Anolis will be placed in dwarf twig Anolis clades when more species are rigorously analyzed, from 1-3 MCZ specimens each of 143 species (MCZ numbers were not recorded) were examined for the character states of a convex parietal (character 89), crenulated parietal edges (88), flattened dorsum sella (100, abbreviated below as ds), shortened epipterygoid (99, e), reduced angular process (110, ap), straight and anterior palatine-vomer suture (102, pvs), and medial or posterior termination of the dorsal process of the jugal (95, j). These characters were selected from those discussed above because 1) they were synapomorphies in dwarf twig monophyly or for their wider relationships (including A. occultus, A. darlingtoni, A. solitarius, P. heterodermus) under both ACCTRAN and DELTRAN optimization, and 2) they appear to be uncommon in Anolis. Thus, characters such as narrowness of the skull were not surveyed because they are known to be common in Anolis.
The following Anolis species were examined for the character states listed above. Synapomorphies found in each species are listed in parentheses.
Anolis aeneus, aequatorialis, agassizi, ahli, aliniger, allisoni, allogus, altavelen-sis, alumina, alutaceus, "anchicaye", angusticeps, anisolepis, antoni, apollinaris, argenteolus, argillaceus, auratus, baharucoensis, baleatus (j), baracoae (e), barkeri, bartschi, bitectus, blanquillanus, boettgeri, bombiceps, bonairensis, bourgeai, bremeri, brevirostris, brunneus, calimae (e, ap), capito, caudalis, chloris, chlorocyanus, chocorum, christophei, chrysolepis (e), clivicola, cobanensis, concolor, conspersus, cooki, cyanopleurus, danieli, desechensis, dolichocephalus, dunni, ernestwilliamsi, etheridgei, eugenegrahami, eulaemus, evermanni, extremus, fasciatus, ferreus, festae (ap), fitchi, forresti, fraseri, frenatus, fuscoauratus, gadovi (e), garmani, gemmosus (e), gingivinus, gracilipes, granuliceps, gundlachi, haguei, huilae (pvs), humilis, insignis (e), jacare (ap, ds), latifrons (j), limifrons, lineatopus, lineatus, lionotus, lividus, longiceps (pvs), longitibialis, loveridgei, loysiana, luciae, lucius, maculigula, marcanoi, marsupialis, medemi, megapholidotus, menta (e, ap), mestrei, microtus, monensis, nebulosus, nelsoni, nigropunctatus (ap), noblei, olssoni, opalinus, ophiolepis, ortoni, oxylophus, parvauritus, paternus, pentaprion, peraccae, petersi, pinchoti, poecilopus, pogus, polyrhachis, poncensis, porcatus (j), princeps, pulchellus, quadriocellifer, quercorum, reconditus, "robertoi", ruizi (j, ds, ap), santamartae (ap), schwartzi, sericeus, shrevei, smaragdinus, sminthus, strahmi, transversalis (ap), aeneus X trinitatus, uniformis, urraoi, vanidicus, vaupesianus (e, ap), ventrimaculatus.
As found previously, two of the Hispaniolan twig dwarf synapomorphies (88, 89) were not observed. Although none of the other twig synapomorphies is unique in Anolis, some of them are very rare individually, and were observed in combination only in species from the tigrinus series (A. ruizi, A. vaupesianus, A. menta, A. calimae), of which A. solitarius is a member.
DISCUSSION
Hispaniolan Twig Dwarf Species
Hispaniolan dwarf twig species monophyly and relationships.-The monophyly of the Hispaniolan twig dwarf species was strongly supported in this study by parsimony analyses under different character codings (Fig. 18) , bootstrap parsimony analyses (Fig. 17) (Fig. 18) , all of which have been assigned to the twig ecomorph (except the unstudied Phenacosaurus, which is sister species to the other species of this clade in the preferred frequency analyses). Although it does not include the Hispaniolan twig species A. fowleri or some other twig species on other islands, this clade excluding Phenacosaurus will hereafter sometimes be referred to as the "twig clade" mostly for convenience but also to emphasize the ecomorphic aspect of these lizards' similarity (Fig. 17) .
Clearly, wider taxonomic sampling and more characters are needed to assess the robustness of this clade, and these relationships will not be conclusive until cladistic analyses have included more Anolis species and more characters. Still, the results of this study suggest that A. Williams (1976a,b) and Guyer and Savage (1986) suggests that the tigrinus group and Phenacosaurus are parts of sister groups to most Anolis (i.e., "primitive" groups) and strongly implicates South America as the origination of Anolis. Second, the few tigrinus group species that could be examined had some but not all of the rare synapomorphies that support this clade, thus suggesting they are sequential outgroups to this clade rather than monophyletic with just A. solitarius (additional Phenacosaurus species were not examined). These alternatives could not be investigated conclusively because the tigrinus series is among the least known groups of Anolis The monophyly of twig species on three different land masses contradicts the usual notions of convergent ecomorph evolution suggested between Puerto Rico and Jamaica by Williams (1983) and Losos (1992, 1994) (who recognized the possibility that the Hispaniolan situation was probably more complex than that seen in the comparatively simple radiations on Puerto Rico and Jamaica; 1992:405). The result of the Hispaniolan-Puerto Rican-South American twig clade suggests that specialized ecomorphs on separate islands do not always arise by convergence, but rather that they can occur as independent invaders without being part of an intraisland adaptive radiation. Anolis ecomorphs were originally defined in terms of convergent evolution (Williams, 1972) , and the existence of the adaptive radiation on Jamaica suggests that ecomorph convergence between land masses could be a general rule [see Williams (1983), Hedges and Thomas (1989), Losos (1992, 1994) ]. Losos, for example, has stated concerning the greater Antilles that "it is clear that evolutionary radiations have occurred more or less independently on the four islands" and that "the same 'ecomorph' types have evolved on all four islands, producing apparently convergent assemblages" (Losos, 1992: 405). But, the correlations between morphology, ecology, and behavior that define the same ecomorph on different islands could also occur by common ancestry, as appears to be the case with the twig clade.
Relationships of Representative Anolis
Because only 38 of a potential 350 species were included in the parsimony analyses and deep branches of the recovered trees were only weakly supported, conclusions are necessarily speculative. However some comment is warranted. Unless otherwise stated, the following discussion refers to the preferred frequency analysis. Refer to Fig. 17 as a guide. Weakly supported clades.-It is apparent from the bootstrap analysis (Fig. 17) and the consensus tree (Fig. 18) that most of the relationships in these analyses are not well supported. The regions of the tree that were not robustly resolved (almost all relationships except the twig clade) all involve relatively deep branches. All species except those in the twig clade were selected as exemplars of larger groups (the informal "series" of previous authors); these exemplars presumably are more closely related to members of their own series than they are to other species included in these analyses. Perhaps the monophyly of smaller groups in Anolis is relatively easy to discern whereas the re-lationships among these smaller groups are more difficult. In addition to this paper, this pattern is seen in previous phylogenetic analyses in Anolis (Etheridge, 1959; Shochat and Dessauer, 1981; Burnell and Hedges, 1990; Hass et al., 1993). This lack of support in the deep branches could be due to character conflict, a paucity of collected characters, a rapid radiation causing a dearth of informative variation, or some other factor. Although a rapid radiation is an attractive explanation, these possibilities are difficult to distinguish without many more characters and better coverage across species.
Previously suggested relationships. Names.-In all analyses, Phenacosaurus heterodermus was nested within Anolis (Fig. 18) . Although the name Phenacosaurus has enjoyed continued use, this result is not novel; Etheridge (1959: Fig. 10) If this lack of Puerto Rican monophyly holds in future study, the question of a convergent sequence of community evolution is moot, as there is little similarity even between which ecological niches are filled during these radiations. It is possible that the sequence of ecomorph invasions in Puerto Rico may mirror the radiation of ecomorphs in Jamaica, but this is a different question that is not answerable from phylogeny alone-one would need to know the timing of the invasions. It is also possible that convergent structure in the evolution of complex communities may eventually be found between other islands in the Caribbean (Losos, 1994) , or perhaps Jamaica "may be our only example of a complex anole fauna evolved within an island" (Williams, 1983:342).
Although the lack of island monophyly and the existence of the twig clade suggests that convergence of ecomorphs between islands should not be an assumption in evolutionary analyses of Anolis, it is apparent that ecomorph monophyly is no more the rule than is intraisland adaptive radiation. 
